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Abstract: Gopher Tortoise (Gopherus polyphemus) burrows support diverse commensal invertebrate
communities that may be of special conservation interest. We investigated the impact of red imported
fire ants (Solenopsis invicta) on the invertebrate burrow community at 10 study sites in southern Mis-
sissippi, sampling burrows (1998–2000) before and after bait treatments to reduce fire ant populations.
We sampled invertebrates using an ant bait attractant for ants and burrow vacuums for the broader
invertebrate community and calculated fire ant abundance, invertebrate abundance, species richness,
and species diversity. Fire ant abundance in gopher tortoise burrows was reduced by >98% in treated
sites. There was a positive treatment effect on invertebrate abundance, diversity, and species richness
from burrow vacuum sampling which was not observed in ant sampling from burrow baits. Manage-
ment of fire ants around burrows may benefit both threatened gopher tortoises by reducing potential
fire ant predation on hatchlings, as well as the diverse burrow invertebrate community. Fire-ant
management may also benefit other species utilizing tortoise burrows, such as the endangered Dusky
Gopher Frog and Schaus swallowtail butterfly. This has implications for more effective biodiversity
conservation via targeted control of the invasive fire ant at gopher tortoise burrows.
Keywords: invasion ecology; invasive species; red imported fire ant; commensalism; gopher tortoise;
diversity; conservation; burrow commensal
1. Introduction
Invertebrates are an integral component of most food webs either directly as predators,
prey, or indirectly through nutrient cycling [1]. The introduction of non-native species
can decimate invertebrate communities resulting in a loss of native species diversity and
the potential loss of ecosystem processes [2]. While data are limited on most invertebrate
species, some studies report that two-thirds of invertebrate species have declined by 45%
in mean abundance [3], with regional studies sometimes reporting much higher losses [4].
Effective use of limited conservation resources may lie in conserving biodiverse “hotspots”
that account for a small percentage of the earth’s surface [5–7]. Sometimes, these hotspots
are created by the presence of keystone or ecosystem engineer species, such as the gopher
tortoise (Gopherus polyphemus) of the southeastern United States [8].
Gopher tortoises excavate burrows in uplands on well-drained soils that provide habi-
tat for more than 360 species [8–10]. Gopher tortoise burrows vary in size, but may extend
up to 10 meters in length [8] and can persist for decades [11], enabling an invertebrate
commensal community time to develop and stabilize [12]. No other North American reptile
digs such a large, extensive, and relatively stable burrow [12], which makes the associated
community of particular interest. In addition to their longevity in upland habitats, these
burrows provide a stable thermal refugia for tortoises and other species [13].
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A review of all known literature on the fauna of gopher tortoise burrows listed 60 verte-
brate and 302 invertebrate species that use gopher tortoise burrows [10]. In this review, the
criteria for commensalism were that “taxa that had at least 10 records of burrow use, or for
which anecdotal reports are especially numerous.” [10]. Based on these criteria, the inverte-
brate communities found in burrows contain dozens of commensal species, plus dozens more
listed as “frequent users” that may also be commensal [10].
Populations of gopher tortoises in southern Mississippi have lower genetic diversity
than populations from the eastern part of their range [14] and may be more vulnerable
to disturbances and of higher conservation interest [15]. Additionally, research in Mis-
sissippi [16] supports evidence of gopher tortoise burrows as biodiverse communities
with distinct commensal elements. While most early tortoise burrow community sam-
pling was in Florida, Mississippi gopher tortoise habitats are different in vegetation and
soil characteristics [16]. Thirty-seven species in 11 families and 5 orders of insects, and
one species of tick were collected from burrows in Mississippi, many of which had not
been recorded in earlier research [16]. The presence of diverse, but different invertebrate
communities utilizing gopher tortoise burrows in different vegetation and soil conditions
suggests that tortoises actively create desirable habitat for many species across invertebrate
taxa. This supports previous evidence that these invertebrate communities are commensal
to some degree [10] and highlights the importance of conserving tortoise populations in
this region [15].
Lago (1991) was the first to record red imported fire ants (Solenopsis invicta Buren) as
present in tortoise burrows, attacking a beetle at a burrow entrance [16]. The fire ant arrived
at the Port of Mobile, Alabama from South America in the 1930s and has since spread across
the United States [17] as far west as California [18]. Fire ants are aggressive, generalist
predators that consume a variety of prey, including many other invertebrate species and
gopher tortoise hatchlings [2,19]. Fire ants have reduced native ant diversity [20,21] in
the Southeastern United States, as well as affected native invertebrate communities and
associated ecosystem processes [2,22,23]. Once established, fire ants are extremely difficult
to eradicate [24], and along with other invasive species are one of the greatest threats to
native biodiversity and ecosystems [25,26].
In providing a unique microhabitat for many invertebrate species, gopher tortoise
burrows also provide foraging opportunities for other species. An abundance of prey,
soil disturbance around the burrow (called an “apron”), and the location of gopher
tortoise burrows in sunny areas may provide suitable foraging and nesting habitat for
fire ants [27]. One study found that 50% of all burrow aprons sampled in Mississippi
had active fire ant mounds present [28], while another study found them present at 33%
of burrows [29].
Although the impacts of fire ants on native biodiversity are generally well docu-
mented [22,30–32], the impacts of fire ants on invertebrates within gopher tortoise burrows
are not. In this study, we assessed the impact of fire ants on commensal invertebrate communi-
ties within gopher tortoise burrows by manipulating fire ant densities on large replicated plots.
Using two methods (burrow baits and vacuuming), we determined the relative abundance of
fire ants and other burrow invertebrates as well as species richness and species diversity in
the burrow system before and after treatments to reduce fire ant populations. We conclude by
briefly discussing implications for conservation and fire ant control.
2. Materials and Methods
The study was conducted at Camp Shelby Joint Forces Training Center (CSJFTC) in
southern Mississippi, USA, which is the nation’s largest Army National Guard training
site (Figure 1). It covers approximately 54,471 hectares, of which 47,561 hectares are U.S.
National Forest land.
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Figure 1. Map of Camp Shelby Joint Forces Training Center (CSJFTC). Study sites are labelled points.
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In the spring of 1997, we selected ten sites (20–40 ha each) within CSJFTC for this study
(Table A1, Appendix A). The ten sites were paired based on habitat similarities and gopher
tortoise densities which allowed us to collect data from 10 burrows within each site, for a
total of 100 burrows sampled multiple times. Four of the sites (2 pairs) are National Guard
firing points (locations where heavy artillery shoots onto firing ranges) that are mowed
and are considered ruderal habitat. Since they were paired by habitat, two of these sites
(Firing Points 140 and 68) were located 3.36 km apart, and the remaining two (Firing Points
121 and 72) were 9.88 km apart. Three of the four firing points are surrounded by longleaf
pine (Pinus palustris), and the fourth firing point is surrounded by slash pine (Pinus elliottii).
Four sites (2 pairs) were in a gopher tortoise refuge (Training Area 44 or T-44, Sites 1–4),
with pairs being contiguous (Sites 1–2, and 3–4). These sites are predominantly longleaf
pine with some bluestem (Schizachyrium spp.) dominated groundcover. The remaining
sites (Deep Creek 1 and 2) were also contiguous, located in a longleaf plantation (planted
1986) and an adjacent, more mature longleaf stand.
The National Guard mows the firing points annually between November and March,
and the U.S. Forest Service manages the forested study sites and forested areas surrounding
the firing points. Prescribed fire is the preferred management tool. However, fire intervals
and season of burn are different from the natural burn regime of the area. The military
use of these sites also varies, but firing points are the most heavily impacted by military
use, including tank maneuvers and heavy artillery firing. The sites in T-44 have activity
restricted to foot traffic, and some limited firing on the firing points contained within T-44.
The two remaining sites have no military use.
Prior to data collection, we treated one randomly chosen site from each pair of sites
with LOGIC® fire ant bait in spring 1998, spring and fall of 1999, and the spring of 2000.
We completed broadcast applications of the bait by both manual hand spreaders and
mechanized ground equipment (4-wheeler and tractor) at the rate of approximately 1.67 kg
per hectare.
To evaluate use of the burrows by ants, we placed a bait attractant approximately
1 meter into the burrow of ten random adult gopher tortoise burrows at every site. The
bait attractant apparatus used to sample burrows was a cotton ball infused with Multi-
Species Ant Attractant (MSAA; [33]) within a small (30 mL) perforated plastic condiment
container. The MSAA is a mixture of de-ionized water, confectionary sugar, and sodium
hydroxide. The container was attached to a meter stick with monofilament line and placed
inside the burrow. After one hour, we removed the baits, placed ant samples into Ziploc
bags and froze them until they could be transported to the United States Department of
Agriculture-Agricultural Research Service (USDA-ARS) laboratory in Gainesville, FL, USA
for identification. We sorted all samples and identified ants to family, and to genus and
species when possible. We repeated this sampling in the spring and fall of 1998, 1999, and
2000 at the same 10 burrows at each site. Data generated for this study are available within
the Supplementary Materials.
To evaluate the invertebrate commensal burrow community, we vacuumed the same
ten randomly chosen adult burrows at each site with a D-Vac (John W. Hock Co., Gainesville,
FL, USA). The vacuum apparatus was placed as far down the burrow as possible (2–5 m) and
then the burrow was suctioned as the vacuum was withdrawn slowly from the burrow. We
placed samples in Ziploc bags and froze them until they could be transported to the USDA-
ARS-Plant Protection and Quarantine laboratory in Gulfport, MS, USA for identification.
We sorted all samples and identified invertebrates to family, and to genus and species when
possible. We sampled using the burrow vacuum in the spring and fall of 1998, 1999, and
2000 at the same 10 burrows at each site.
To characterize the ant community in tortoise burrows based on the burrow baiting
with MSAA, we calculated fire ant abundance, species richness (excluding fire ants), and
species diversity (excluding fire ants) at each site for each of the six sampling periods (1
prior to the first treatment, 5 post-treatment). We averaged data from all ten burrows to
derive a value for each site. We determined species richness, and calculated Shannon’s
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Diversity H’ [34]. We compared the pre-treatment sampling period between treated and
untreated sites using a randomized block design analysis of variance (ANOVA). Post-
treatment data were compared using a repeated measures randomized block analysis of
variance. Due to missing data for one time period for two sites, we compared post-treatment
fire ant abundance, species richness, and species diversity data using the PROC MIXED
function (SAS Institute Inc., Cary, NC, USA, 1999). We tested all data for normality using
the Shapiro-Wilk test. All data were normally distributed. We considered a probability
level of 0.05 as significant.
To characterize the broader invertebrate communities in tortoise burrows from the
vacuuming, we repeated the same analyses by determining fire ant abundance, invertebrate
abundance (excluding fire ants), species richness (excluding fire ants), and species diversity
(excluding fire ants) at each site for each of the six sampling periods (1 pre-treatment, 5 post-
treatment). We compared the pre-treatment sampling period between treated and untreated
sites using a randomized block design analysis of variance (ANOVA) (SAS Institute, Inc.,
1999), and compared post-treatment data using a repeated measures randomized block
ANOVA. We determined species richness and calculated diversity using Shannon Diversity
H’ [34]. We tested all data for normality using the Shapiro-Wilk test. All data were normally
distributed. We considered a probability level of 0.05 as significant.
3. Results
The repeated treatments with LOGIC® significantly reduced fire ant abundance in
our study sites [22] and this was confirmed by the burrow baiting and burrow vacuum
samples which had a 98.8% and 99.9% reduction in fire ant abundance, respectively. The
invertebrate community in tortoise burrows included 17 invertebrates positively identified
to species from 13 genera and 8 families. In many cases, invertebrates could only be
identified to class, genus or family resulting in species collected from four classes and ten
orders (Table 1). Insects from eight orders were collected, some found only on treated sites
including Lepidoptera, Blattaria, and “Hemiptera” (Genus A).
Table 1. Invertebrates collected from all sites using a burrow vacuum for six sampling periods
(1 pre-treatment, 5 post-treatment). If possible, specimens were identified to genus and species.
“Treated” refers to species found only on sites treated to reduce fire ant populations, “untreated”
refers to species found only on untreated sites, and “both” refers to species found on both treated
and untreated sites. Species annotated with an “*” were considered “commensal” [10].
Class Order Family Genus Species Treatment
CHILOPODA Both
DIPOPLODA Both





Araneidae Araneus . Treated
Genus A Untreated
Argiope aurantia Treated
INSECTA Gnaphosidae Gnaphosa . Both
Hahniidae Genus A Untreated
Linphiidae Genus A Treated
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Table 1. Cont.





Opiliones Phalangidae Genus A Treated
Blattaria Blatellidae Genus A Treated
Coleoptera Scarabaeidae Aphodius Both
Staphylinidae Genus A Both
Carabidae Agonum Treated
Clivinia Untreated
Curclionidae Pantomorus cervinus Untreated
Nitidulidae Genus A Untreated
Elateridae Genus A Treated
Diptera Anthomyidae Eutrichota gopheri * Both
Chironomidae Genus A Untreated
Culicidae Genus A Both
Dolichopodidae Hercostoma Both
Hercostoma Both
Sphaeroceridae Genus A Both
INSECTA Hemiptera Lygaeidae Genus A Untreated
Miridae Genus A Treated
Pentatomidae Thylantea calceata Untreated
Cicadellidae Genus A Both
Genus B Treated
Hymenoptera Braconidae Genus A Untreated

















There were few ants present in the burrows besides fire ants and treating for fire ants
did not increase overall ant abundance, richness, or diversity in the burrows. Pretreatment
fire ant abundance was not significantly different between sites (F = 3.29, df = 4, P = 0.144).
Repeated LOGIC® applications significantly reduced fire ant abundance at treated sites
(Figure 2, F1, 8 = 24.78, P = 0.001). Pre-treatment ant species diversity (excluding fire ants)
was 0 for both treated and untreated sites. Pre-treatment species richness also was low
and was not significantly different between treated and untreated sites (Figure 3, F = 1.0,
df = 4, P = 0.374). After reducing fire ant populations, there were no significant differences
in ant species richness (Figure 3, F1, 8 = 0.01, P = 0.935) or ant species diversity (Figure 4,
F1, 8 = 0.14, P = 0.722) between treated and untreated sites. We collected thirteen species of
ants (including fire ants) using burrow baits (Table 2). Of these, two species were unique to
treated sites, and four species unique to untreated sites.
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Figure  2. Mean  (±1  SE)  fire  ant  abundance  from burrow baits  at  five pairs of  treated  and 
untreated study sites at CSJFTC, 1998–2000. Fire ant abundance declined 98.8% in treated sites, 
and increased 53.2% in untreated sites. Post‐treatment data were compared using a repeated 
measures  randomized  block  ANOVA,  and  repeated  LOGIC   applications  significantly 　
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indicate when treatments occurred. 
Figure 2. Mean (±1 SE) fire ant abundance from burrow baits at five pairs of treated and untreated
study sites at CSJFTC, 1998–2000. Fire ant abundance declined 98.8% in treated sites, and increased
53.2% in untreated sites. Post-treatment data were compared using a repeated measures randomized
block ANOVA, and repeated LOGIC® applications significantly reduced fire ant abundance at treated
sites (F1, 8 = 24.78, P = 0.001). Asterisks on the x-axis indicate when treatments occurred.













igure 3. Mean (±1 SE) ant (excluding fire ant) species richness collected from burrow baits at five
pairs of treated and untreated study sites at CSJFTC, 1998–2000. There were no significant differences
between study sites from a randomized block design ANOVA (F = 1.0, df = 4, P = 0.374). Asterisks
on the x-axis indicate when treatments occurred.
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Figure 4. ( 1 SE) ant (excluding fire ant) sp cies Shannon diversity indices collected from
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significant differenc s b tw en study site from a randomized block design ANOVA (F1, 8 = 0.14,
P = 0.722). Asterisks on the x-axis indicate when treatments occurred.
Table 2. Ant species (Hymenoptera: Formicidae) found using burrow baits at all study sites on
CSJFTC, 1998–2000. “Treated” refers to species found only on sites treated to reduce fire ant popula-
tions, “untreated” refers to species found only on untreated sites, and “both” refers to species found
on both treated and untreated sites.
Scientific Name Treatment














Data from the burrow vacuums revealed significant increases in overall invertebrate
abundance, richness, and diversity post-treatment. Pre-treatment fire ant abundance was
not significantly different between sites (Figure 5, F = 2.01, df = 4, P = 0.229). Overall,
treatment effects were significant (Figure 5, F1, 7 = 7.37, P = 0.030), and fire ant abundance
in burrows was significantly reduced by repeated LOGIC® applications. Pre-treatment
abundance of burrow invertebrates (excluding fire ants) was significantly different between
sites (Figure 6, F = 14.14, df = 4, P = 0.019), and while treatment effects varied over time
periods, an overall nearly significant treatment effect was present (Figure 6; F1, 7 = 4.01,
P = 0.085). Invertebrate abundance was greater on treated sites and did not change from
pre-treatment to post-treatment. Species richness (excluding fire ants) was not significantly
different between sites pre-treatment (Figure 7, F = 3.37, df = 4, P = 0.140); however, richness
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was greater on treated sites post-treatment (Figure 7; F1, 7 = 24.73, P = 0.002). Pre-treatment
species diversity (excluding fire ants) was not significantly different between sites (Figure 8,
F = 0.44, df = 4, P = 0.543). Post-treatment, a significant treatment effect was observed
(Figure 8: F1, 7 = 9.31, P = 0.019) in species diversity between treated and untreated sites.











Figure 6. Mean  (±1 SE)  invertebrate abundance  (excluding  fire ants) collected  from burrow 




Figure 5. Mean (±1 SE) fire ant abundance collected from b rrow v cuuming at five pairs of treated
and untreated study sites at CSJFTC, 1998–2000. Fire ant abundance declined 99.9% in treated sites,
and decreased 55.6% in untreated sites Pre-treatment fire ant abundance was not significantly different
between study sites (F = 2.01, df = 4, P = 0.229). Post-treatment data were compared using a repeated
measures randomized block ANOVA, and repeated LOGIC® applications significantly reduced fire
ant abundance (F1, 7 = 7.37, P = 0.030). Asterisks on the x-axis indicate when treatments occurred.
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Figure 6. Mea (±1 SE) invertebrate abundance (excluding fire ants) collected from burrow vacuum-
ing at five pairs of treated and untreated study sites at CSJFTC, 1998–2000. Pre-treatment abundance
of burrow invertebrates (excluding fire ants) was significantly different between sites (F = 14.14, df = 4,
P = 0.019), and a nearly significant treatment effect was present (F1, 7 = 4.01, P = 0.085). Asterisks on
the x-axis indicate when treatments occurred.
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P = 0.002). Asterisks on the x-axis indicate when treatments occurred.
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vacuuming  at  five  pairs  of  treated  and  untreated  study  sites  at  CSJFTC,  1998–2000.  Pre‐
treatment species diversity (excluding fire ants) was not significantly different between sites 
(F = 0.44, df = 4, P = 0.543), but a post‐treatment effect was observed  (F1, 7 = 9.31, P = 0.019) 
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occurred.     
4. Discussion 
Repeated  treatments with LOGIC reduced  fire ant abundance  in gopher  tortoise 
burrows. Reductions  in  fire  ant  abundance  resulted  in  increased  species  richness  and 
diversity of burrow arthropods sampled with burrow vacuums on treated sites. We did 
not, however, observe similar results using MSAA  in  the burrows  for ant species. Ant 
species  diversity  and  richness  did  not  differ  between  treated  and  untreated  sites. 
Figure 8. Mean (±1 SE) Shannon div rsity i dices (excluding fire ants) collected from burrow
vacuuming at five pairs of treated and untreated study sites at CSJFTC, 1998–2000. Pre-treatment
species diversity (excluding fire ants) was not significantly different between sites (F = 0.44, df = 4,
P = 0.543), but a post-treatment ffect was observed (F1, 7 = 9.31, P = 0.019) between treated and
untreated sites. Asterisks on the x-axis indicate when treatments occurred.
4. Discussion
Repeated treatments with LOGIC® reduced fire ant abundance in gopher tortoise bur-
rows. Reductions in fire ant abundan resulted in incre sed species richness and diversity
of b rrow arthropods sample with burrow vacuums on treat d sites. We did ot, however,
obse ve similar result using MSAA in the burrows for ant species. An speci s diversity and
richnes did not diffe between treated and untreated sites. Sampling with bai s may not
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provide a representative sample of the ant community as fire ants rapidly recruit to the bait
and may exclude other species. After four treatments, differences in invertebrate abundance
in vacuum samples became more pronounced and an overall treatment effect was observed.
A small number of species influenced analysis of abundance data, particularly Hercostomas
sp., which were particularly abundant during the pre-treatment sampling period. When
they were removed from the analysis the treatment effect became more pronounced.
The two most abundant invertebrates collected were Eutrichota gopheri and Ceutophilus
divergens. Ceutophilis divergens was the most common invertebrate encountered (excluding
fire ants). Ceutophilis divergens is a wingless cave or camel cricket and was the second most
abundant species encountered in previous surveys [16]; however, the author considered
this species an opportunistic inhabitant of the burrow. Eutrichota gopheri is a small, co-
praphagous fly that feeds on tortoise dung found within the burrow [35]. It was previously
known as Pegomyia gopheri, the gopher fly, and was considered an obligate species in gopher
tortoise burrows [36]. Eutrichota gopheri was previously the most abundant commensal
encountered in surveys of burrow invertebrates in Mississippi [16]. Although it was not
the most abundant invertebrate commensal encountered in this study, we recorded it more
than 50% of the time and it was most numerous during spring sampling periods.
After treatments, burrow invertebrate species diversity and richness positively re-
sponded on treated sites. There was an absence of the Lepidoptera and Blattaria orders on
untreated sites. This may be partly because fire ants are known predators during multiple
lepidopteran life stages, including on monarch butterfly larvae (Danaus plexippus) [37], and
were suggested as a driving factor preceding a 50% decline in lepidopteran abundance in
Texas post-invasion [38]. Research suggests that fire ants may also be a factor in the decline
of the federally endangered Schaus swallowtail butterfly (Papilio aristodemus ponceanus) in
the Florida Keys [39], and in laboratory experiments with a surrogate swallowtail species
researchers documented predation on all immature life stages.
The introduction and spread of fire ants into the upland habitats of the gopher tortoise
has the potential to negatively impact a highly diverse commensal invertebrate community.
Fire ants may be able to change the burrow invertebrate community through interspecific
competition, either exploitative (when fire ants using resources deprives other species
of resources) or interference (when a species is harmed by direct fire ant interactions,
including predation) [40].
Regardless of the mechanism, the presence of fire ants may result in changes to the
larger burrow ecosystem. This may result in changes to the larger burrow ecosystem.
Although not investigated in this study, many species that inhabit the burrow system
are copraphagous and act as decomposers of tortoise dung found at the terminus of the
burrow. If fire ants reduce the diversity and abundance of copraphagous insects, dung may
accumulate in burrow systems. In addition, species that feed on copraphagous insects may
be negatively impacted, resulting in a cascade of impacts to other burrow invertebrates
and ultimately the entire burrow system. The invertebrate burrow community provides
increased prey for insectivorous species including other insects and birds [41,42].
However, this evidence suggests that the same characteristics that make gopher
tortoise burrows attractive to fire ants also create opportunities for more effective control
of fire ants, and thus conservation of the greater burrow system. Repeated LOGIC®
applications significantly reduced the abundance of fire ants in both the burrow bait
and vacuum sampling, which was followed by a significant increase in overall insect
abundance and diversity in the burrow vacuum samples. This suggests that targeted
use of similar pesticide applications may be an effective use of limited conservation and
management resources. Since fire ants are generalist predators, fire ant control targeted
around gopher tortoise burrows could benefit both the diverse insect species within the
burrow, as well as the gopher tortoises themselves, as fire ants have depredated nests and
killed hatchlings [19]. This might make eradication of fire ants through bait treatments more
effective if treatments are timed after imported fire ants are attracted to the nest, but before
hatchlings emerge. Given that gopher tortoise burrows in our study area tend to occur in
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high density colonies [43], and are considered ecosystem engineers that create cascades of
processes leading to high local biodiversity [8], this study aligns with others in suggesting
the potential of focusing limited conservation resources on biodiversity hotspots [6,7,44].
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Appendix A
Table A1. UTM coordinates of all study sites at Camp Shelby Joint Forces Training Center, Missis-
sippi, USA.
Site Northing Easting
Deep Creek Site 1 3423586 315624
Deep Creek Site 2 3423153 315479
Training Area 44 Site 1 3440128 296754
Training Area 44 Site 2 3438659 296666
Training Area 44 Site 3 3440288 299548
Training Area 44 Site 4 3439513 299489
Firing Point 68 3449013 301776
Firing Point 72 3444891 303116
Firing Point 121 3452081 298644
Firing Point 140 3451485 300308
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